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57 ABSTRACT 

A regenerative braking apparatus for a battery operated 
vehicle includes rotation direction detection devices for 
detecting the rotation directions of respective axles of two 
front wheels, a current direction judgment device for judg 
ing respective field current directions of two propulsion 
motorS based on respective outputs from the rotation direc 
tion detection devices, and a current direction control device 
for controlling the field current direction of the propulsion 
motorS based on the output from the current direction 
judgment device. In this way, even when close to the 
Steering angle for inner wheel Stop turning, concern for 
external action rotation of the propulsion motor for driving 
the inner wheel is eliminated, enabling control of regenera 
tion at the time of turning to be carried out with good 
efficiency. 

4 Claims, 4 Drawing Sheets 
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REGENERATIVE BRAKING APPARATUS 
FOR BATTERY VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a regenerative braking 

apparatus for a battery operated vehicle, which is ideally 
used for control at the time of regenerative braking of a 
propulsion motor of a battery operated forklift to reduce the 
motion that an inner wheel is moved by a truck locus at the 
time of regeneration close to the Steering angle for inside 
wheel Stop turning. 

2. Description of the Related Art 
Heretofore, forklifts equipped with a battery as a power 

Source and propelled by a motor Supplied from the battery, 
as the drive Source, are known. 

FIG. 3 is a Schematic diagram illustrating a three wheeled 
battery operated forklift with two propulsion motors to 
which is applied a conventional regenerative braking appa 
ratus. In FIG. 3, numeral 1 denotes a battery, 2 an 
accelerator, 3 a propulsion motor control unit, 4a and 4b 
propulsion motors, 5 transmission units, 6 rotation Sensors 
for detecting the rotational Speed of the propulsion motors, 
7a an outer wheel (when turning) of two front wheels of the 
forklift, 7b an inner wheel (when turning) of the two front 
wheels of the forklift, and 8 a Steering angle Sensor. 

The Steering angle Sensor 8 is a Sensor for detecting a 
Steering angle 0 as shown in FIG. 4, Subtended between an 
axis X1 common with the outer wheel 7a and inner wheel 7b 
of the forklift 9, and an axis X2 of a rear wheel 10. 

With this forklift 9, the steering angle 0 subtended 
between the axis X1 common with the outer wheel 7a and 
inner wheel 7b, and the axis X2 of the rear wheel 10, is 
detected by the steering angle sensor 8. Then, as seen in FIG. 
3, by means of the propulsion motor control unit 3, regen 
eration circuits for each of the outer wheel 7a and the inner 
wheel 7b are Switched corresponding to the Steering angle 0. 

By respectively controlling the propulsion motor 4a of the 
outer wheel 7a and the propulsion motor 4b of the inner 
wheel 7b in this way, then in the case where the intersection 
point of the axis X1 and the axis X2 is outside of the forklift 
9, the propulsion motor 4a and the propulsion motor 4b are 
made to act together as regenerative brakes in the forward 
direction or the reverse direction, to thereby effect regen 
erative braking. Furthermore, in the case of turning with the 
intersection point of the axis X1 and the axis X2 inside of the 
forklift 9 (between the outer wheel 7a and the inner wheel 
7b), then the propulsion motor 4a can be made to act as a 
regenerative brake in the forward direction, and the propul 
Sion motor 4b as a regenerative brake in the reverse 
direction, or the propulsion motor 4a can be made to act as 
a regenerative brake in the reverse direction and the pro 
pulsion motor 4b as a regenerative brake in the forward 
direction. 

With the conventional forklift described above, in the case 
where the Steering angle 0 is Small, there is no particular 
concern of a problem occurring. 

However, in the case where the rear wheel 10 is turned by 
a large amount, as shown in FIG. 5, the interSection point C 
of the axis X1 and the axis X2 becomes very close to the 
inner wheel 7b, and there is the situation where the steering 
angle 0 is Substantially the same as that for inner wheel Stop 
turning. In this case there is the problem that regenerative 
braking cannot be properly applied to the propulsion motor 
of the inner wheel 7b, since the propulsion motor is rotated 
by the action of the outer wheel 7a, as the motion that the 
inner wheel 7b is moved by a truck locus. 

In the case where the propulsion motor 4b of FIG. 3 is 
rotated by external action, the situation arises where the 
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2 
regenerative direction of the inner wheel 7b differs from the 
drive direction, So that an optimum circuit current does not 
flow in the propulsion motor 4b, and Sufficient regenerative 
braking is not obtained. 

This phenomena appears noticeably at the time of regen 
eration close to the inner wheel Stop turning. 
The present invention takes into consideration the above 

Situation, with the object of providing a regenerative braking 
apparatus for a battery operated vehicle, which can effect 
control of regeneration with good efficiency at the time of 
turning, without the concern of the motion that an inside 
wheel propulsion motor is rotated by a truck locus, even 
when close to the Steering angle for inner wheel Stop turning. 

SUMMARY OF THE INVENTION 

To address the above problem, the present invention 
provides the following regenerative braking apparatus for a 
battery operated vehicle. 

That is to Say, the regenerative braking apparatus for a 
vehicle according to the present invention is characterized in 
that, with a battery as a power Source, which controls the 
regeneration direction at the time of regenerative braking of 
two propulsion motorS respectively provided for two front 
wheels, for individually driving the front wheels, there is 
provided a rotation direction detection device for detecting 
the rotation directions of respective axles of the two front 
wheels, a current direction judgment device for judging 
respective field current directions of the two propulsion 
motorS based on an output from the rotation direction 
detection device, and a current direction control device for 
controlling the field current directions of the propulsion 
motorS based on an output from the current direction judg 
ment device. 
With the regenerative braking apparatus for a battery 

operated vehicle according to the present invention, there is 
provided the rotation direction detection device for detecting 
the rotation directions of the respective axles of the two front 
wheels, the current direction judgment device for judging 
the respective field current directions of the two propulsion 
motors, based on the output from the rotation direction 
detection device, and the current direction control device for 
controlling the field current directions of the propulsion 
motorS based on the output from the current direction 
judgment device. Therefore, by controlling the field current 
directions of the propulsion motors corresponding to the 
rotation directions of their shafts, an optimum regenerative 
braking can be applied to the propulsion motor which is to 
be Subjected to regenerative braking, So that even at the time 
of regeneration close to inner wheel Stop turning, a field 
current in the appropriate direction can be made to flow in 
the propulsion motor, enabling Sufficient regenerative brak 
ing to be obtained at the time of turning. 

Consequently, even when close to the Steering angle for 
inner wheel Stop turning, the heretofore problem of the 
concern of the motion that the inside wheel propulsion 
motor is rotated by a truck locus is eliminated, enabling 
control of regeneration at the time of turning to be carried 
out with good efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagram showing a three wheeled 
battery operated forklift with two propulsion motors, 
according to an embodiment of the present invention. 

FIG. 2 is a flow chart illustrating the operation of a 
regenerative braking apparatus for a forklift of the embodi 
ment of the present invention. 

FIG. 3 is Schematic diagram showing a conventional three 
wheeled battery operated forklift with two propulsion 
motorS. 
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FIG. 4 is a bottom surface view illustrating the positional 
relation between the front wheels and rear wheel of a 
conventional forklift. 

FIG. 5 is a bottom surface view illustrating the positional 
relation between the front wheels and rear wheel close to a 
Steering angle for inner wheel Stop turning. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of a regenerative braking apparatus for a 
battery operated vehicle of the present invention will now be 
described with reference to the drawings. 

FIG. 1 is a schematic diagram showing a forklift with two 
propulsion motors, according to the embodiment of the 
present invention, while FIG. 2 is a flow chart illustrating the 
operation of a regenerative braking apparatus for the forklift. 

The point where the construction of this forklift differs 
from the construction of the above-mentioned conventional 
forklift is that, with the conventional forklift, the steering 
angle Sensor 8 is provided in the propulsion motor control 
unit 3, whereas with the forklift of the present embodiment, 
there is provided a rotation sensor 11a (rotation direction 
detection device) for detecting the axle rotation direction of 
the outer wheel 7a, and a rotation sensor 11b (rotation 
direction detection device) for detecting the axle rotation 
direction of the inside wheel 7b. Moreover, in the propulsion 
motor control unit 3, there is provided a current direction 
judgment Section 12 for judging the direction of the respec 
tive field currents of the two propulsion motors 4a, 4b based 
on the output from the rotation Sensors 11a, 11b, and a 
current direction control Section 13 for controlling the 
respective field current directions of the propulsion motors 
4a, 4b based on the output from the current direction 
judgment Section 12. 

With this regenerative braking apparatus, as shown in 
FIG. 2, at the time of regeneration, the rotation direction of 
the axle of the outer wheel is detected by the rotation sensor 
11a, and the rotation direction of the axle of the inner wheel 
is detected by the rotation sensor 11b. Next, the respective 
field current directions of the two propulsion motors are 
judged based on the respective outputs from the rotation 
sensors 11a, 11b. Then, the respective field current direc 
tions of the two propulsion motors are controlled by the 
current direction control section 13 based on the output from 
the current direction judgment Section 12. 

In this way, as shown in FIG. 1, by controlling the 
respective field current directions of the two propulsion 
motorS 4a, 4b in accordance with the rotation direction of 
their axles, then optimum regenerative braking can be 
applied to the propulsion motor 4b of the inner wheel 7b. As 
a result, even at the time of regeneration close to inner wheel 
Stop turning, a field current in the appropriate direction flows 
in the propulsion motor 4b which rotates the axle of the inner 
wheel 7b, so that the propulsion motor 4b is operated as a 
regenerative brake, thus achieving adequate regenerative 
braking at the time of turning. Consequently, it is possible to 
reduce the heretofore motion that the inner wheel is moved 
by a truck locus produced close to the Steering angle for 
inner wheel Stop turning, So that regenerative control at the 
time of turning can be efficiently performed. 
As described above, with the present embodiment, the 

rotation sensor 11a is provided for the axle of the outer 
wheel 7a and the rotation sensor 11b is provided for the axle 
of the inner wheel 7b. Moreover, in the propulsion motor 
control unit 3, there is provided the current direction judg 
ment Section 12 for judging the direction of the respective 
field currents of the two propulsion motors 4a, 4b based on 
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the output from the rotation sensors 11a, 11b, and the current 
direction control Section 13 for controlling the respective 
field current directions of the propulsion motors 4a, 4b based 
on the output from the current direction judgment Section 12. 
Therefore, the respective field current directions of the 
propulsion motorS 4a, 4b can be controlled corresponding to 
the rotation direction of their shafts, enabling optimum 
regenerative braking to be applied to the propulsion motor 
4a (or the propulsion motor 4b). Consequently, even at the 
time of regeneration close to inner wheel Stop turning, by 
passing a field current in the appropriate direction through 
the propulsion motor 4a (or the propulsion motor 4b), then 
Sufficient regenerative braking can be obtained at the time of 
turning, enabling regenerative braking at the time of turning 
to be efficiently performed. 

In the above, one embodiment of a regenerative braking 
apparatus for a battery operated vehicle according to the 
present invention has been described, based on the drawings. 
However, the Specific construction is not limited to this 
embodiment, and designs and modifications within a Scope 
not deviating from the gist of the invention are also possible. 

For example, instead of the rotation Sensors 11a, 11b, 
rotation direction detectors or tachometer generators may be 
provided for detecting the respective regeneration directions 
(the directions opposite to the driving directions) of the 
propulsion motorS 4a, 4b, by detecting the potential differ 
ence between respective opposite terminals of the propul 
Sion motorS 4a, 4b. With these arrangements also, the same 
effect as with the rotation sensors 11a, 11b can be obtained. 

Furthermore, the current direction judgment Section 12 
and the current direction control Section 13 may be com 
bined together into a Single construction. 
What is claimed is: 
1. A regenerative braking apparatus for a battery operated 

vehicle with a battery as a power Source, which controls the 
regeneration direction at the time of regenerative braking of 
two propulsion motorS respectively provided for two front 
wheels, for individually driving the front wheels, Said appa 
ratus comprising: 

rotation direction detection devices for detecting the rota 
tion directions of respective axles of Said two front 
wheels; 

a current direction judgment Section for judging respec 
tive field current directions of Said two propulsion 
motorS based on an output from Said rotation direction 
detection devices, and 

a current direction control Section for controlling the field 
current directions of Said propulsion motors based on 
an output from Said current direction judgment Section; 

wherein Said rotation direction detection devices are pro 
vided for each axle of Said two front wheels, and the 
field current directions of Said propulsion motors are 
controlled based on the output from these rotation 
direction detection devices. 

2. A regenerative braking apparatus for a battery operated 
vehicle according to claim 1, wherein Said rotation direction 
detection devices are rotation Sensors. 

3. A regenerative braking apparatus for a battery operated 
vehicle according to claim 1, wherein Said rotation direction 
detection devices are rotation direction detectors for detect 
ing regeneration direction from a potential difference 
between opposite terminals of Said propulsion motorS. 

4. A regenerative braking apparatus for a battery operated 
vehicle according to claim 1, wherein Said rotation direction 
detection devices are tachometer generators. 
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